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Abstract :Theuseof opticalfiberfor sensorapplicationsis atopicof currentinterest.
Wereporthefabricationofetchedsinglemodeopticalfiberbasedrefractiveindexsensor.
Experimentsareperformedto determinetheetchrateof fiberin bufferedhydrofluoric
acid,whichcanbehighorlowdependinguponthetemperatureatwhichetchingiscarried
out.Controlledwetetchingof fibercladdingis performedusingthesemeasurements
andetchedfiber regionis testedfor refractiveindexsensingapplication.We report
significantopticalpowerchangeinfibersensorat1550nmwavelength,inthepresence
of IPAsolutionandalsothesugarsolutionwithvaryingconcentration.
Keywords: Opticalfiber,refractiveindexsensor,etchedfibersensor. INTRODUCTION
The opticalfibersareextensivelyusedin presentdayhigh
bandwidthtelecommunicationnetworks.Technologicalprogress
infiberopticsandoptoelectronicshasalsoledtothedevelopment
of novelphotonicsensors,whichareeasyto deploy,provide
informationin realtime,andinsomecasesevenbetterthantheir
electtoniccounterparts.Fiberopticsensorsarebroadlycategorized
intointensity,evanescence,specttalndinterferencebasedsensors.
The multimoderaperedfiberbasedrefractiveindexsensor
hasbeenreportedearlier[1].FiberBragggrating(FBG) based
refractiveindexsensorsarereponedinsinglemodefiber,where
weretchingisusedtoremovethecladding[2].All fiberhigh-
resolutionrefractiveindexsensoreliesonapartialandlocalized
etchingof thecladdinglayeralongastandardmicro-StructUred
fiberBragggrating[3].Ambientrefractiveindex(ARI) sensing
characteristicsofmetal-coatedside-polishedopticalfibergratings
basedontheexcitationofthepuresurfacePlasmonpolaritonis
investigatedforpossiblebio/chemicalpplication[4].In another
approach,creatingamismarchincorealignmenrsbetweensingle
and multimodefiber is reportedto give refracriveindex
resolutionof about7xlO.5[5]. Refractive-indexsensorbased
ondualfiber-Braggratingsinterposedmultimode-fibertaper
hasbeenexperimentallydemonstrated[6]. Highly sensitive
fiberopricrefractiveindexsensorbasedonedgewrittenlong-
periodfiber grating(LPFG) [7] and miniatUrefiber-opric
refractive-indexsensorbasedonFabry-Perotinterferometer[8]
arealsodiscussed.
Wereportfabricationof intrinsicsinglemodefiberbased
refracriveindexsensorusingweterchingof fibercladding.The
sensorfabricationrequiresprecisecontroloverthefibererching
processbymeansofcontinuousmonitoringoffibertransmission
165sduringetching.Weadoptedanalternariveapproachoffirsr
calibratingthe fiber etchingprocessin termsof time and
temperatureofetching,whichcanthenbecontrolledtoobtain
desireddiamererof thefiberafteretching.Manysinglemode
fibershavebeenetchedwith highprocessyield,andusedfor
refractiveindexsensingexperiments.. CONTROLLED ETCHING OF
SINGLE MODE OPTICAL FIBER
Thefiberhasacoreofhigherrefractiveindexcomparedto
thatofsurroundingcladdingregion,thusconfiningthelightin
core.Thefibercore(DcO>andcladding(DCL)diameterstypically
measure8.4filI1and125f!1T1respectively.Etchingcladdingtoa
reasonablythinlayer,justsufficientoconfineandguidemost
of lightin thecore,andalsoallowingapartof it toleakin to
mediumsurroundingthe cladding,is utilizedfor making
fibersensor.
The experimentalarrangementfor etchingSM fiber
consisrsofahotplate,baseplateforplacingfiberandhydrofluoric
acid(HF) dispensingmechanism,asshownin fig.I. The fiber
jacketisremovedfromcentralportion(-1 cm)andcladdingis
broughtin contactwith 40% bufferedHE The hotplate
temperaturecontrolleris setto a valuebetween30°C and
70°C andfibersareetchedforvaryingtimeduration.
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Fig. 1 : Setup for wet etching of optical fiber
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The fiberdiameterin etchedportionis measuredunder
theOlympusopticalmicroscopeandplottedasafunctionof
etchingtimeforvariousetchtemperarures,asshownin fig.2.
All the measureddiameters(DE) at a constanthotplate
temperarure(T) followa linearvariationin etchingtime(t),
describedbyeq.1.
DE (T) =a(T) .t +P(T)
Herea(T) andP(T) aretheetchrate(f1m1min)andfiber
diameterat t =0 (intercep~ony axis)respectively,forgiven
temperature.
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Fig. 2 : Measuredetchedfiberdiameterfor fibersetched
at differenttemperaturesandtime
At roomtemperaturetheetchrateforfiberisrelativelyslow,
typically1.69f1m1min,whichrapidlyincreasesto6.62f1m/min
at65°C.The fiberetchingrateis determinedbytheslopeof
measuredlinearplots.The etchratevariationasafunctionof
temperarureisshownin fig.3.
The measuredfiberetchratea(T) is foundto follow
exponentialdependenceontemperaturedescribedby
a(T) =0.865eT/3226
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Fig. 3 : Fiber etch rate variation with temperature
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Eq. 1and2 provideusa toolto performwetetchingof
opticalfiberbycontrollingthetimeandtemperatureofetching
(kept lessthan 70°e) for a pre-estimatedetchdiameter.
Alternatively,transmittedopticalpowerthroughfibercanbe
continuouslymonitoredduringetchingto obtainthedesired
etched iameter.
[1] . ETCHED SINGLE MODE FIBER AS
SENSOR
TheetchedfiberisstretchedandfIXedonaglasslideusing
EpotekepoxyOG 146pUtontwosidesof thefiber.The etched
portionin themiddleisleftexposedtoair,andusedin refractive
indexsensing,asshownin fig.4.
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Fig. 4 : Schematicdiagramof etchedfiber
WetestedmanysensorsusingsugarandIsopropylalcohol
(IPA) solution.It is observedthata thin cladding(<3f1m)
facilitateinteractionbetweenguidedlightandtheoutermedium,
thusresultingin astrongopticalresponseto refractiveindex
changesin themedium.
Preparingsugarsolutioniseasyandalsocosteffective.We
dissolved20gmsugarin 15rnlDI waterandmeasuredthenet
weightof solution.The sugarcontentin thesolutiondivided
bytotalweightof solutionistakenasthesugarconcentration.
More wateris addedto dilUtethesolutionandreducesugar
concentration.A 9.8f1IDetched iameterfibersensorisusedfor
sugarconcentrationdetection.Therefractiveindexmeasurement
setupis shownin fig.5. Effectof sugarconcentrationon
transmittedopticalpowerthroughtheetchedfibersensoris
shownin fig.6.
[2]
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Fig. 5 : Experimental setup for detecting sugar
concentration
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Fig. 6 : Opticalpowervariationwith sugarconcentration
The transminedopticalpowerthroughfibersensoris
observedto follow a linearfall, as thesugarconcentration
increasesfrom10% to43 %, followedbyratherslowfallbUt
stillshowinglinearbehaviour.Thisobservationisattributedto
light leaking out of the fiber due to increasein sugar
concentration.No suchopticalpowervariationisobservedin
unetchedfiber.
In anotherexperiment,sugarsolutionisreplacedbysolution
containingmixtureofIsopropylalcohol(IPA) andde-ionized
water.The refractiveindexof this solutionvariesbetWeen
thatof pureIPA (nIPA=1.377,13.029moles/litre)andwater
(nm=1.333),anddeterminedby [9]
nsol= [K.n2IPA+(I-K).n2m](1/2) [3]
WhereK is themoleratioofIPA in thesolution.Fiber
sensorswithfivedifferentetcheddiameters1O.5flm,13.8flm,
19.5flm,26.5flm,and37.5flmaretestedusingIPA solution.
The opticalpowervariationasa functionof refractiveindex
changeisshownin fig.7.
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Fig. 7 : Measuredopticalpowerchangewithvarying
refractiveindex
All thefibersensors howlinearpowervariationin refractive
index, describedby equation
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Where~Pisthechangeinopticalpower,y(DE)and8(DJ
arerefractiveindexsensitivity(slopeof line)andy intercept
respectively,andDE istheetchediameterin Jlffi.It isimportant
tonotethatsmallertheetched iameter,higherisyandhigher
the diameter,smalleris the y. Very high refractiveindex
sensitivityisthereforepossibleforsmallerbutoptimallyetched
fiber,asshownin fig.8.The 10.5Jlffidiameterishighlysensitive
torefractiveindexvariation,nearly300flW/unitindexchange
comparedto <10flW/unitindexchangefor37.5Jlffifiber.
S =1296.e-O.I3DE [5]
60
Fig. 8 : Refractiveindex sensitivityh.1W/unitindex
change)dependenceon etchedfiberdiameter. CONCLUSION
Experimentsoncontrolledwetetchingofsinglemodefiber
havebeenperformed.The temperatureof bufferedHF and
etchingtimeareusedtocontrolthefiberetchrate.Theprocess
aftercalibrationisfoundtobeextremelysimpleforfabrication
of etchedfiberbasedsensors,usedsubsequentlyfor refractive
indexsensingapplication.Opticalpowervariationin sensor
OUtputis demonstratedin thepresenceof sugarsolutionwith
varyingconcentration.RefractiveindexsensingbetWeen1.333
and1.378usingoptimallyetchedsinglemodeopticalfiberis
alsodemonstrated.
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